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ABSTRACT 
1.3 w d  
An experimental study i s  presented f o r  cyclic p l a s t i c  s t resses  a t  notch 
roots i n  specimens under constant-amplitude repeated tension and reversed 
loading. Edge-notched, KT = 2, 2024-T3 aluminum-alloy sheet specimens were 
cycled u n t i l  l o c a l  s t r e s s  conditions s tabi l ized.  Local s t r e s s  h i s to r i e s  were 
determined by recording l o c a l  s t r a i n  his tor ies  during cycling and reproducing 
these h i s t o r i e s  i n  simple unnotched specimens. The fa t igue  l i v e s  f o r  these 
notched specimens were estimated using s tab i l ized  l o c a l  s t resses  and an 
a l t e rna t ing  versus mean s t r e s s  diagram f o r  unnotched specimens of the same 
material .  
the  notch configuration tes ted .  
These predictions compared favorably with l i v e s  from S-N data fo r  
I n  addition, an expression i s  presented f o r  calculat ing loca l  f irst-  
cycle p l a s t i c  s t resses .  An acceptable correlation i s  shown between predicted 
stresses and experimental data within the  scope of the investigation. 
LIST OF SYK6OLS 
E, secant modulus corresponding t o  the l o c a l  s t r e s s  a t  the notch root 
f o r  monotonically increasing tens i le  loads, p s i  
ES ' secant modulus corresponding t o  the l o c a l  s t r e s s  a t  t he  notch root 
f o r  negative loading from tension, p s i  
Es" 
KP 
KP' 
Kp" 
%. 
N 
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k X  
Smin 
As 
t 
E 
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Qr 
secant modulus corresponding t o  the l o c a l  stress a t  t h e  notch root 
f o r  posi t ive loading from compression, p s i  
secant modulus corresponding t o  the  average s t r e s s  on the net  section, 
p s i  
p l a s t i c  stress concentration f ac to r  f o r  monotonically increasing 
t e n s i l e  loads 
p l a s t i c  stress concentration f a c t o r  f o r  negative loading from 
tension 
p l a s t i c  stress concentration f a c t o r  f o r  pos i t ive  loading from 
c ompre s s i  on 
e l a s t i c  s t r e s s  concentration f a c t o r  
number of cycles 
%in r a t i o  of -
b X  
nominal net-section stress, ks i  
maximum nominal net-section stress, k s i  
minimum nominal net-section s t r e s s ,  k s i  
nominal stress range, k s i  
specimen thickness, i n .  
l oca l  s t r a i n  a t  t he  notch root  
notch root  radius,  i n .  
local  stress a t  the notch root ,  k s i  
local  res idual  stress a t  t h e  notch root ,  k s i  
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I -  
INTROIUCTION 
Character is t ical ly ,  fa t igue f a i lu re s  i n  service i n i t i a t e  a t  geometric 
discont inui t ies  t ha t  produce l o c a l  stresses higher than t h e  nominal s t resses  
1 applied. I n  weight-cr i t ical  applications these  l oca l  s t r e s ses  a r e  frequently 
I 
i n  the p l a s t i c  range. 
hardening, and other phenomena leads t o  fatigue fractures .  
standing of the  way i n  which the  loca l  s t resses  a r e  influenced by p l a s t i c  
act ion should lead t o  the development of methods f o r  estimating fat igue 
behavior under constant- and variable-amplitude loading. 
Cyclic loading accompanied by residual  s t resses ,  work 
A basic under- 
The task of analyzing loca l  cycl ic  s t resses  i s  very complex because of 
the h is tory  dependence of the  p l a s t i c  behavior. 
received l i t t l e  a t ten t ion  i n  the  l i t e r a t u r e .  
Thus, t he  problem has 
I 
The present investigation was undertaken a s  a s t a r t i n g  point  f o r  
r e l a t ing  the  loca l  p l a s t i c  s t resses  t o  nominal loading. The loca l  p l a s t i c  
conditions i n  notched specimens were studied experimentally under constant- 
amplitude loading. 
investigated.  
l i v e s  were developed. Further study i s  expected t o  lead t o  the development 
of such methods t o  include other specimen shapes and materials and f o r  
variable-amplitude loading. 
' 
A s ingle  material  and one specimen configuration were 
Preliminary methods f o r  estimating loca l  s t r e s ses  and fat igue 
' 
MPERIMENTAL PROCEDURE 
Local s t r a i n  h i s to r i e s  a t  t he  notch r o o t s  of large sheet specimens sub- 
jected t o  cycl ic  loadings were measured. These s t r a i n  h i s t o r i e s  were repro- 
duced i n  companion unnotched specimens t o  determine the  corresponding s t r e s s  
h i s to r i e s .  The s t r e s ses  and s t r a ins  obtained i n  the companion specimen a re  
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expected t o  represent those of t he  notched specimen since,  i n  t he  region of 
i n t e re s t ,  both a r e  subjected t o  uniaxial  stress. 
The edge-notched specimen and t e n s i l e  coupon configurations are shown i n  
f igure 1. 
two1* and f o r  a small r a t i o  of gage length t o  notch 7 .ot radius.  
specimens and companion coupons were machined from adjacent sheet material 
t o  minimize var ia t ions  i n  mater ia l  charac te r i s t ics .  I n  addition, specimen 
notches were carefu l ly  prepared t o  minimize machining stresses. 
Dimensions were selected f o r  an e l a s t i c  stress concent.ition of 
Notched 
Both photoelast ic  coatings and res i s tance  s t r a i n  gages were used f o r  
s t r a i n  measurements during t h e  t e s t  program. The birefr ingent  coating w a s  
bonded t o  t he  f l a t  surface of the  specimen near t h e  notch and f r inge  orders 
a t  the  edge of t h e  notch root  were observed with a small-field r e f l ec t ive  
polariscope. 
specimens clad with the  same birefr ingent  material. This method required 
extremely tedious observations and was subject  t o  e r ro r s  due t o  edge e f f e c t s  
and fringe fadeout a t  high s t r a i n  l eve l s .  
notch root, proved t o  be more convenient and reliable and were used f o r  most 
tests.  
the  s t r a in  gradient within the  gage length.  The load cycling w a s  continued 
u n t i l  m a x i m  and minimum l o c a l  stresses s t ab i l i zed .  
The h is tory  of f r inge  orders was then reproduced i n  unnotched 
F o i l  s t r a i n  gages, bonded i n  t h e  
A small gage length (1/16 inch) was selected t o  reduce t h e  e f f e c t s  of 
Tests were conducted under repeated tension ( R  = 0)  and completely 
reversed ( R  = -1) constant-amplitude loading. 
over t h e  range from t h a t  corresponding t o  inc ip i en t  l o c a l  yielding t o  that 
approaching the  y ie ld  stress of t h e  material on the  ne t  sect ion.  Guide 
p l a t e s  were used t o  prevent buckling during compressive loadings f o r  both 
specimens and coupons. 
Nominal stresses were used 
* Numbers r e f e r  t o  references a t  end of paper. 
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RESULTS AND DISCUSSION 
General 
For th i s  study, stress concentration factor i s  defined as the r a t i o  of 
l oca l  stress a t  the  notch root t o  the  average stress on the - net section. 
Experimental e l a s t i c  stress concentration factors  have been obtained from 
t e n s i l e  loading data p r i o r  t o  l o c a l  yielding. 
f o r  f i v e  successively increasing leve ls  of nominal load i s  calculated,  
t ab l e s  1 and 2. 
value of 2.0 from Neuberl theory by approximately 5 percent. This discrep- 
ancy may be due t o  the  f a c t  t h a t  a paral le l -s ided edge notch i s  somewhat 
"sharper" than the Neuber hyperbolic notch for a given notch depth and root 
radius.  
In  each t e s t  an averaged value 
These experimental values have been found t o  exceed the  
I n  t h i s  paper only stresses a t  the notch base a r e  studied, and a l l  re f -  
erences t o  l o c a l  stress conditions a r e  confined t o  behavior a t  t h i s  point.  
The general behavior a t  t h i s  c r i t i c a l  point i s  i l l u s t r a t e d  i n  f igure  2 for 
cycl ic  loading. 
l o c a l  behavior i s  described by the curve OAB; where A represents t h e  maximum 
l o c a l  s t r e s s  and s t r a i n  and B represents t h e  compressive residual  stress and 
s t r a i n  occurring upon unloading. For the f i r s t  cycle of completely reversed 
loading ( R  = -1) a typ ica l  set of l o c a l  conditions i s  described by OABCD 
where C represents the  minimum loca l  s t ress  and s t r a i n  and D represents t he  
t e n s i l e  res idua l  stress and s t ra in  a t  t h e  end of the  full cycle. The secant 
moduli shown w i l l  be explained l a t e r .  
For t he  first cycle of repeated loading ( R  = 0) ,  a typ ica l  
Results of t h i s  study a re  summarized i n  t ab les  1 and 2 and are discussed 
i n  the  following sections.  I n  addi t ion,  the tables include ident i f ica t ion  of 
the s t r a i n  measuring technique employed f o r  each tes t .  The r e s u l t s  appear not 
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t o  have been affected s ignif icant ly  by the  technique used. 
ear ly  fa i lures  of s t r a i n  gages were encountered i n  several  tests i n  which 
large s t r a in  excursions were involved; fo r  these few tests only f i r s t -cyc le  
behavior is presented. In  general, however, cycling was continued fo r  
approximately 30 cycles, which was generally found t o  r e su l t  i n  s t ab i l i za t ion  
of l o c a l  s t resses .  
Unfortunately, 
Repeated Loading 
Figure 3 i l l u s t r a t e s  l oca l  s t r e s s - s t r a in  data f o r  the  f i rs t  cycle of 
repeated loading ( R  = 0) .  
s t r e s s  are presented. 
pressive residual s t r e s s .  
res idual  s t resses  appeared t o  be e l a s t i c .  
l oca l  yielding occurred upon unloading. 
Local behaviors f o r  s i x  values of m a x i m u m  nominal 
The unloading pa r t  of each load cycle produced a com- 
For tests with moderate nominal s t resses  the  
I n  tests with high nominal s t r e s s  
M a x i m  and residual  l oca l  stresses measured during each of several  
cycles of repeated constant-amplitude loading a re  shown i n  f igure  4. 
three pairs  of curves represent typ ica l  h i s t o r i e s  of maximum s t r e s s  and of 
compressive residual  s t r e s s  f o r  three d i f fe ren t  leve ls  of nominal s t r e s s .  A 
small reduction i n  maximum loca l  stresses w a s  observed during the  f i r s t  few 
cycles with a corresponding increase i n  compressive residual  s t resses .  Thus 
the mean local  s t r e s s  decreased somewhat while the  l o c a l  stress range 
remained v i r tua l ly  unchanged during these cycles. 
l oca l  s t resses  returned t o  essent ia l ly  t h e  same values i n  each cycle. 
l oca l  s tabi l ized s t resses  and those presented i n  t ab le  1 f o r  other tests w i l l  
be used l a t e r  i n  estimating fat igue l i f e  fo r  the  specimens tes ted .  
The 
Beyond the t e n t h  cycle, 
These 
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Reversed Loading 
The loca l  s t ress -s t ra in  h i s to r i e s  measured during the  f i r s t  cycle i n  
each of several  t e s t s  w i t h  completely reversed loadings a r e  presented i n  
f igure 5 .  For these t e s t s  four character is t ic  values of l oca l  s t r e s s  a re  of 
i n t e re s t :  
and the residual  a f t e r  completing the cycle ( fu l l -cyc le) .  
res idual  s t resses  as influenced by the nominal s t r e s s  a r e  a l so  shown i n  the  
figure.  
j ec t  t o  some p l a s t i c  act ion f o r  t e s t s  i n  which high nominal s t r e s ses  were 
applied. 
load l eve l  were approximately symmetrical about zero except f o r  the t e s t  of 
S = 25 ksi. This dissymmetry i s  a t t r ibu tab le  t o  the f a c t  t h a t  more p l a s t i c  
act ion occurred i n  compression than i n  tension. 
the maximum, residual  a f t e r  unloading (half-cycle),  the  minimum, 
The l o c i  of the  
A s  w a s  the case w i t h  t e s t s  a t  R = 0, the residual  s t r e s ses  a r e  sub- 
The half-cycle and f i l l - cyc le  values of res idual  stress f o r  a given 
Typical h i s t o r i e s  of these four character is t ic  s t r e s ses  during subse- 
quent cycles of reversed loading are  preserited iii f i g c e  6. 
values of maximum and minimum s t resses  increased appreciably thus increasing 
the l o c a l  stress range during each of the first 15 t o  20 cycles, a f t e r  which 
the stress range remained s table .  
stress decreased during each of these cycles and then s tab i l ized .  The s ta -  
b i l i zed  values of maximum and minimum stresses  were approximately symmetric 
about zero. 
‘!he nbsoliute 
Similarly, the absolute values of res idual  
Fatigue Estimates 
The s t ab i l i zed  values of l oca l  s t r e s s  described above were used t o  e s t i -  
mate the fa t igue  l i ves  of s imilar  notched specimens t e s t ed  a t  the  same nominal 
s t r e s s  leve ls .  The fat igue data used f o r t h e  comparisons were fo r  
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edge-notched 2024-T3 aluminum-alloy sheet specimens with % = 2 and sub- 
jected t o  constant-amplitude a x i a l  loads with R = 0 and R = -1. 293 
The l ives  were obtained on t h e  assumption t h a t  failure would occur i n  
the  notched specimen i n  the  same number of cycles t h a t  produced failure i n  
unnotched specimens subjected t o  t h e  repeated stresses equal t o  the  l o c a l  
s tab i l ized  s t r e s ses  observed i n  t h e  present tests.  
from a diagram of a l t e rna t ing  versus mean stresses f o r  tests of unnotched 
4 specimens of  the same material. 
The estimates were taken 
The resu l t ing  estimates of l i f e  and fa t igue  data a r e  l i s t e d  i n  t ab le  3 ,  
and are plot ted i n  f igure  7. 
a t  low nominal stress leve ls .  
be a t t r i bu ted  t o  the f a c t  t h a t  a l a rge r  number of cycles i s  required t o  prop- 
agate a crack t o  c r i t i c a l  s i z e  a t  low s t r e s s  l eve l s  than a t  higher leve ls .  
Obviously, t h i s  p a r t  of fa t igue  behavior i s  not represented adequately by the 
assumptions used f o r  t he  present estimates. A t  higher stress l eve l s  somewhat 
less propagation takes place,  and only small e r ro r s  are introduced by ignoring 
t h i s  mechanism beyond t h a t  p a r t  which is  a l s o  present i n  the fa t igue  f a i l u r e  
of unnotched specimens. 
The estimates agree w e l l  with the  data except 
The lack  of agreement a t  the low l eve l s  might 
The above trends a r e  encouraging because they o f f e r  t he  hope t h a t  fa t igue  
l i v e s  of notched p a r t s  can be estimated from behavior of unnotched specimens 
provided that the e f f ec t s  of notches and p l a s t i c  ac t ion  can be accounted for .  
Unfortunately, t he  key information needed t o  accomplish the  estimate i s  t h e  
re la t ion  between the  applied nominal stresses and t h e  s t a b i l i z e d  l o c a l  
s t resses .  
s taking t e s t s .  
method f o r  computing the  desired l o c a l  stresses f o r  the first cycle of loading. 
To t h i s  point,  t h i s  re la t ionship  i s  obtainable only by r a the r  pain- 
The following sect ion presents  some preliminary thoughts on a 
8 
LOCAL STRESS CALCULATTONS 
Proposed Method 
Previous s tudies  of stress concentration fac tors  as modified by p l a s t i c  
Briefly,  act ion have been conducted a t  t he  NASA Langley Research Center.5J6 
these s tudies  have l ed  t o  the  development of the  following generalized 
formula : 
This r e l a t ion  yields ,  within engineering accuracy, estimates of l oca l  p l a s t i c  
s t r e s ses  for a rb i t r a ry  stress raisers under monotonically increasing loads, 
a t  least for small p l a s t i c  s t r a i n s  (up t o  l o r  2 percent) .  The stress A i n  
figure 2 i s  determined by a trial-and-error solut ion of equation (1). 
For unloading from point  A an additional term must be added t o  the  above 
equation. 
stood i f  unloading from point A i s  considered t o  be a negative application of 
nominal loading. 
any l e v e l  of negative load might be found by t h e  use of an appropriate stress 
concentration fac tor .  
Attention will be r e s t r i c t e d  f i r s t  t o  residual s t r e s ses  and then generalized 
t o  include the  e n t i r e  range AC. 
The basic approach i n  developing t h i s  term can be eas i ly  under- 
From t h i s  viewpoint, it follows t h a t  the  loca l  stress fo r  
This approach w i l l  be used i n  the  following: 
I n  cases where no p l a s t i c  yielding occurs during the  negative loading 
t h e  desired stress concentration fac tor  i s  
r e s idua l  stress F i n  figure 2 i s  calculated from t h e  equation 
KT. For an unloaded specimen the  
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However, i f  l o c a l  compressive yielding occurs, % no longer appl ies  
and a p l a s t i c i t y  correction i s  required. 
correction may be obtained by a method involving secant moduli s i m i l a r  t o  
t h a t  employed f o r  equation (1). A t yp ica l  secant modulus E,' required f o r  
t h i s  calculation i s  shown i n  f igure  2. It has i t s  or ig in  a t  point A ,  t h e  
point a t  which unloading began. 
cu la t ing  compressive res idua l  stresses i n  t h e  p l a s t i c  range: 
It i s  proposed t h a t  t h i s  p l a s t i c i t y  
The following r e l a t ion  i s  proposed for ca l -  
where Kp' = p l a s t i c  s t r e s s  concentration f o r  negative loading (unloading) 
Kpl  = 1 + (KT - 1)c Es 
The range of app l i cab i l i t y  of equation ( 3 )  may be readi ly  extended t o  
solve t h e  general case of any negative loading from tension t h a t  r e s u l t s  i n  
compressive yielding: 
where S is the  nominal stress f o r  which u i s  sought. 
This re la t ion  i s  a general izat ion of t h e  t h r e e  preceding expressions and 
i s  applicable for the  fill range of l o c a l  stress represented by OABC i n  
f igure  2. 
If the procedure of unloading from poin t  A t o  e s t ab l i sh  E,' values i s  
repeated for pos i t ive  loading from point c i n  f igure  2, t h e  appropriate secant 
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modulus Est', may a l so  be found i n  order t o  calculate the l o c a l  stress fo r  
* any l eve l  of load. The addition of another term t o  equation (4 )  leads t o  
an expression f o r  the  l o c a l  behavior during the fourth quarter  cycle of 
loading: 
Kp" = p l a s t i c  stress concentration factor  for t he  th i rd  excursion i n t o  the 
p l a s t i c  range 
where Est' 
s t r e s s  ( C  i n  f i g .  2) experienced. 
i s  the appropriate secant modulus referenced t o  the minimum loca l  
These equations require tr ial-and-error solut ion similar t o  tha t  used 
t o  solve equation (1). I n  pr inciple ,  the  s t ress -s t ra in  curves AC and CD a r e  
required f o r  t h e  par t icu lar  previous s t r e s s  his tory experienced during p r io r  
load excursions. 
Comparison With Data 
For each l eve l  of nominal s t r e s s ,  a simple uunotched specimen was loaded 
i n  a manner such t h a t  the  notch s t r a i n  history was reproduced, a s  previously 
explained. 
f igure  2 *s obtained f o r  the first cycle. 
responding t o  OA were found t o  be generally s imilar  and a f a i r ed  s t r e s s - s t r a in  
curve was used i n  es tabl ishing values of Es. I n  addition, the segments cor- 
responding t o  AC f o r  each t e s t  were a l so  found t o  have essent ia l ly  equal 
e l a s t i c  ranges and consistent shapes f o r  the ear ly  stages of the  p l a s t i c  
Therefore, fo r  each t e s t  a s t ress -s t ra in  curve s imilar  t o  t h a t  of 
The segments of each curve cor- 
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range. 
E s t .  The curves of Kp and K p '  shown i n  f igure  8 were calculated f o r  t h e  
f u l l  range of loads with t h e  a id  of these faired s t r e s s - s t r a in  curves. 
Therefore, a s ing le  f a i r ed  curve w a s  a l so  used t o  determine values of 
The similar shapes of t h e  l o c a l  s t r e s s - s t r a in  curves f o r  unloading from A 
and unloading from C suggest another simplifying assumption. The assumption 
m a d e  i s  tha t  t h e  segment CD, of t h e  s t r e s s - s t r a in  curve i n  f igure  2, has the  
same shape as t h e  segment AB. i n  f igure  8 may 
be used t o  compute the  KP" i n  equation ( 5 ) .  However, Kp '  and Kpll must be 
evaluated independently f o r  t he  pa r t i cu la r  nominal stress range over which each 
ac t s .  These separate evaluations preclude the  combination of Kpt  and Kp" 
terms i n  equation ( 5 ) .  
Thus, t h e  s ingle  curve f o r  Kp' 
Equation ( 4 )  was used with the  curves of Kp and Kpl t o  ca lcu la te  
f i r s t -cyc le  l o c a l  s t r e s ses  f o r  repeated ( R  = 0) loading. 
s t r e s ses  were calculated by se t t i ng  S = i n  t h i s  equation, thus reducing 
it t o  equation (1). The compressive res idua l  s t r e s ses  at  the  end of t h e  f i rs t  
f u l l  cycle were found by s e t t i n g  S = 0. With t h i s  subs t i tu t ion  t h e  general- 
ized equation reduces t o  equation ( 3 ) .  
i n  f igure 9 with the  f i r s t - cyc le  t e s t  da t a  i n  t h e  range investigated.  For a 
point-by-point comparison, da ta  and calculated r e s u l t s  are a l s o  presented i n  
t a b l e  1. 
The m a x i m u m  l o c a l  
These calculated stresses a r e  compared 
An acceptable cor re la t ion  i s  observed. The minor discrepancies at  high 
load levels  a r e  probably a t t r i bu tab le  t o  t h e  use of t h e  photoelast ic  coating 
technique in  these tests, while t h e  f a i r ed  s t r e s s - s t r a i n  curves were based 
en t i r e ly  on da t a  obtained by strain-gage instrumentation. 
For reversed loading (R = -1) equations (4 )  and ( 5 )  were used t o  ca lcu la te  
l o c a l  stresses.  Maximum l o c a l  and compressive r e s idua l  stresses were calculated 
12 
. 
as i n  t h e  above case of repeated loading from equation (4 ) .  Equation (4)  was 
a lso  used t o  calculate  minimum l o c a l  s t resses  by s e t t i n g  S = %in. Equa- 
i n  f igure  8 were used t o  calculate  t e n s i l e  t i o n  ( 5 )  and t h e  curve of 
res idual  stresses occurring a t  the  end of a f i r s t - cyc le  of completely reversed 
loading. These four  cha rac t e r i s t i c  s t resses  and the  corresponding observed 
da ta  are l i s t e d  i n  t a b l e  2 and are shown i n  f igure  10. 
Kpt 
With t h e  exception of t e n s i l e  (full-cycle) res idua l  s t resses ,  good correla- 
t i o n  i s  i l l u s t r a t e d  by f igu re  10 between calculated curves and t e s t  data .  The 
assumption regarding the  s imi l a r i t y  i n  s t ress -s t ra in  curves f o r  unloading from 
both tension and compression i s  possibly responsible f o r  t h e  e r ro r s  i n  pre- 
d ic ted  ful l -cycle  s t resses .  The occurrence of ful l -cycle  res idual  s t resses  at 
nominal stresses lower than required t o  produce half-cycle res idual  s t resses  
i s  c l ea r ly  i l l u s t r a t e d  i n  t h i s  f igure .  
Deviations of individual stress-strain curves from the  f a i r e d  curves used 
i n  calculat ing Kp and Kp' a re  expected t o  account f o r  some discrepancies 
i n  a l l  calculated s t resses .  
behaviors of a given specimen and i t s  companion simple specimen were found t o  
be i n  excel lent  agreement. 
Calculations and data  based en t i r e ly  on t h e  
I n  general, an acceptable correlat ion i s  displayed between t h e  calculated 
A continued evaluation r e s u l t s  and t h e  experimental data  found i n  t h i s  study. 
Of t h e  proposed equations should prove them applicable f o r  other a rb i t r a ry  
stress raisers during t h e  f i rs t  load cycle. 
A s  demonstrated i n  t h i s  paper, estimates of s t ab i l i zed  s t r e s ses  would be 
usefu l  i n  predict ing fatigue of notched components. The equations presented 
herein, i f  found t o  hold f o r  a rb i t r a ry  geometries and other  materials i n  the  
first cycle of loading, w i l l  serve as an important s t ep  i n  calculat ing these 
stabi l ized conditions a t  a s t r e s s  raiser. Further, t he  information regarding 
residual  s t resses  obtained i n  t h i s  study should be useful  f o r  explaining t h e  
nonlinear accumulation of damage observed i n  variable-amplitude fat igue tests.  
CONCLUSIONS 
From t h i s  study of p l a s t i c  s t r e s s  h i s to r i e s  a t  a notch root under 
constant-amplitude load cycling, the  following conclusions a re  made: 
1. Stabi l izat ion of l oca l  s t resses  occurred i n  less than 30 cycles f o r  
t he  edge-notched specimens of sheet 2024-T3 aluminum a l loy  employed i n  t h i s  
study. 
2. Within the  range of nominal s t r e s ses  used i n  t h i s  investigation, only 
small variations were observed i n  loca l  p l a s t i c  s t r e s ses  f o r  repeated ( R  = 0)  
loading. A small reduction i n  m a x i m u m  l oca l  s t r e s ses  w a s  observed during the  
f irst  few cycles with a corresponding increase i n  compressive res idua l  s t r e s ses .  
Thus the  mean loca l  s t r e s s  decreased somewhat while t he  loca l  stress range 
remained v i r tua l ly  unchanged during these cycles. 
3 .  Completely reversed ( R  = -1) load cycling resul ted i n  noticeable 
increases i n  both m a x i m u m  and m i n i m u m  l o c a l  s t r e s ses  before s t ab i l i za t ion  
occurred. Compressive residual  s t r e s ses  measured at the  end of each half-cycle 
and t ens i l e  res idual  s t resses  measured at  the  end of each f u l l  cycle decreased 
s ignif icant ly  before s t ab i l i z ing .  
4. Useful fa t igue predictions were made f o r  t h e  notched specimens from 
s tab i l ized  loca l  stress conditions and an a l t e rna t ing  versus mean s t r e s s  dia- 
gram fo r  unnotched specimens of the  same mater ia l .  
5 .  The generalized notch s t r e s s  equation, presented i n  t h i s  paper, ade- 
quately described loca l  p l a s t i c  stress behavior f o r  t he  f irst  cycle of loading 
within the  range of t h i s  invest igat ion.  
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TABLE 1.- LOCAL STRESS DATA AND CALCULATED RESULTS 
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FOR REPEXTED LOADING ( R  = 0) 
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52.8 
55.0 
55-5 
* SG = Stra in  gage; PC = Photoelast ic  coating. 
Residual stress, 
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TABLE 3.- ESTIMATES OF FATIGUE LIFE 
rk~ = 2, 2024-T3 aluminum a l loy  
c 3 
R 
0 
0 
0 
0 
0 
0 
-1 
-1 
-1 
Observed l i f e ,  
cycles 
(4 
190, ooo 
83, ooo 
46, ooo 
27,500 
16,500 
io,  500 
19,500 
7,300 
Estimated l i fe ,  
cycles 
72,500 b 
b45, 700 
b30, 900 
b24, 000 
b17, ooo 
b13, 700 
c10,000 
C5,OOO 
c2,ooo 
&Observed l i v e s  taken from references 2 and 3. 
bEstirnates based on data  f o r  unnotched specimens from 
reference 4 .  
‘Estimates based on da ta  f o r  unnotched specimens from 
reference 2. 
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NASA 
Figure 1. - Specimen dimensions and instrumentation ( all dimensions are 
in inches). 
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Figure 2.- Local s t r e s s - s t r a i n  curve f o r  first cycle of loading. 
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Figure 3 . -  Local s t ress -s t ra in  curves f o r  first cycle repeated ( R  = 0)  
loading. 
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Figure 4.-  S tab i l iza t ion  of local s t r e s s e s  f o r  repeated ( R  = 0 )  
constant-amplitude loading. 
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Figure 5.- Local s t ress -s t ra in  curves f o r  f i rs t  cycle of reversed 
( R  = -1) loading. 
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